Experimental Verification by Idaho National Engineering 

Laboratory 

Methods 

A search for excess heat during the electrolysis of aqueous potassium 
carbonate (K + /K + electrocatalytic couple) was investigated using cells 
supplied by HydroCatalysis Power Corporation and a cell fabricated by 
Idaho National Engineering Laboratory (INEL). To simplify the calibration of 
these cells, they were constructed to have primarily conductive and forced 
convective heat losses. Thus, a linear calibration curve was obtained. 
Differential calorimetry was used to determine the cell constant which v 
was used to calculate the excess enthalpy. The cell constant was 
calculated during the experiment (on-the-f ly-calibration) by turning an 
internal resistance heater off and on, and inferring the cell constant from 
the difference between the losses with and without the heater. 

The general form of the energy balance equation for the cell in steady 
state is. 

0 = P app , + Qhir + Qxs " Pgas - Qloss (,IU) 
where P app , is the electrolysis power; Q hlr is the power input to the heater; 
Q xs is the excess heat power generated by the hydrogen "shrinkage" process; 
Pgas is tne Power removed as a result of evolution of H2 and O2 gases; and 
O, oss is the thermal power loss from the cell. When an aqueous solution is 
electrolyzed to liberate hydrogen and oxygen gasses, the electrolysis power 
p appi ^appl 1 * can be partitioned into two terms. 

Pappl = E aP p|I = p cell + p gas 011 2) 

An expression for Pga S (=Ega S i) >s readily obtained from the known enthalpy 

of formation of water from its elements: 



E, 



-AHform (III. 3) 
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(F is Faraday's constant), which 
yields E gas = 1.48 V for the reaction 

H2O - H2 ♦ \ 02 (III. 4) 

The net faradaic efficiency of gas evolution is assumed to be unity; thus, 
Eq. (III. 2) becomes 

Pcell = (E app , - I 48V)I (IH.5) 
The cell was calibrated for heat losses by turning an internal resistance 
heater off and on while maintaining constant electrolysis and by inferring 
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the cell constant from the difference between the losses with and without 
the heater where heat losses were primarily conductive and forced 
convective losses. When the heater was off, the losses were given by 

C(T C - Tb) = Pappl + 0 + Q xs " Pgas (MI.6) 
where c is the heat loss coefficient; Tb is ambient temperature and T c is 
the cell temperature. When a new steady state is established with the 
heater on, the losses change to: 

c(Tc " Tb.) = P'appl + Qhtr + Q'xs " Pgas (MI.7) 
where a prime superscript indicates a changed value when the heater was 
on. When the following assumptions apply v 

Qxs = Q'xsi Pappl = Pappi; Pgas = Pgas <»"-8> 
the cell constant or heating coefficient a, the reciprocal of the heat loss 
coeff icient(c), is given by the result 

a = T V Tc (MI.9) 
Q htr 

In all heater power calculations, the following equation was used 

Qhtr = E hlr l htr ei'-io) 
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LIGHT WATER CALORIMETRY EXPERIMENTS 



INEL EXPERIMENT I (DC Operation) 

The present experiments were carried out by observing and 
comparing the temperature difference, AT \ =T(electrolysis only) - 
T(blank) and AT2 = T(electrolysis plus resistor heating) -T(blank) 
referred to unit input power. 

The cell comprised a 10 gallon (33 in. x 15 in.) Nalgene tank 
(Model * 54100-0010). Two 4 inch long by 1/2 inch diameter 
terminal bolts were secured in the lid, and a cord for a heater was v 
inserted through the lid. 

The cathode comprised 1.) a 5 gallon polyethylene bucket which 
served as a perforated (mesh) support structure where 0.5 inch holes 
were drilled over all surfaces at 0.75 inch spacings of the hole 
centers and 2.) 5000 meters of 0.5 mm diameter clean, cold drawn 
nickel wire (Nl 200 0.0197", HTN36N0AG 1 , Al Wire Tech, Inc.). The 
wire was wound uniformly around the outside of the mesh support as 
150 sections of 33 meter length. The ends of each of the 150 
sections were spun to form three cables of 50 sections per cable. 
The cables were pressed in a terminal connector which was bolted to 
the cathode terminal post. The connection was covered with eppxy to 
prevent corrosion. 

The anode comprised an array of 15 platinized titanium anodes 
(15 - Engelhard Pt/Ti mesh 1.6" x 8" with one 3/4" by 7" stem 
attached to the 1.6" side plated with 100 U series 3000). A 3/4" wide 
tab was made at the end of the stem of each anode by bending it at a 
right angle to the anode. A 1/4" hole was drilled in the center of each 
tab. The tabs were bolted to a 12.25" diameter polyethylene disk 
(Rubbermaid Model ^2666) equidistantly around the circumference. 
Thus, an array was fabricated having the 15 anodes suspended from 
the disk. The anodes were bolted with 1/4" polyethylene bolts. 
Sandwiched between each anode tab and the disk was a flattened 
nickel cylinder also bolted to the tab and the disk. The cylinder was 
made from a 7.5 cm by 9 cm long x 0.125 mm thick nickel foil. The 
cylinder traversed the disk and the other end of each was pressed 
about a 10 A /600 V copper wire. The connection was sealed with 
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Teflon tubing and epoxy. The wires were pressed into two terminal 
connectors and bolted to the anode terminal. The connection was 
covered with epoxy to prevent corrosion. 

Before assembly, the anode array was cleaned in 3 M HCI for 5 
minutes and rinsed with distilled water. The cathode was cleaned in 
3% H2O2/ 0.57 MK2CO3 and rinsed with distilled water. The anode 
was placed in the cathode support and the electrode assembly was 
placed in the tank containing electrolyte. The power supply was 
connected to the terminals with large cables. 

The electrolyte solution comprised 28 liters of 0.57 M K2CO3 
(Alfa K2CO3 99%) in the case of the MC 3 cell or 28 liters of 0.57 M 
Na2C03 (Alfa Na2C03 99%) in the case of the MC 2 cell. 

The heater comprised a 57 ohm 1500 watt Incoloy coated 
cartridge heater which was suspended from the polyethylene disk of 
the anode array. It was powered by a regulated power supply. The 
voltage was measured with a digital meter, and the current was 
measured as a voltage across a precision resistor with a digital 
meter. 

The stirrer comprised a I cm diameter by 43 cm long glass rod 
to which an 8 cm by 2.5 cm Teflon half moon paddle was fastened at 
one end. The rod passed through a bearing hole in the tank lid and 
through a bearing hole in the center of the anode array disk. The other 
end of the stirrer rod was connected to a variable speed stirring 
motor. The stirrer shaft was rotated at 4 Hz. With the stirrer 
connected, the stirrer motor drew 4.7 W. With the stirrer 
disconnected, the stirrer drew 4.4 W; thus, 0.3 W was the stirrer 
power. 

Electrolysis was performed at 39.5 amps constant current with 
a constant current power supply. The cells were operated in the 
environmental chamber in the INEL Battery test Laboratory. The 
chamber maintained the average temperature of the cell surroundings 
within I °C. The bottom of the cell rested on a 1/2 inch thick sheet 
of Styrofoam 

The temperature was recorded with a series of Teflon-coated 
Type E thermocouples inserted in several places The ambient 
temperature reference was a closed one-liter container of water 
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with a thermocouple nominally in the center of the water volume. 

Data from thermocouples, voltages, and currents were logged by 
one of the Battery Lab s computer based data systems and recorded at 
5 minute intervals. The delta temperature (AT=T(electrolysis only) - 
T(blank) ) and electrolysis power were plotted. The heating 
coefficient was determined "on the fly" by the addition of heater 
power. The delta temperature AT2=T(electrolysis + heater) - 

T(blank)) and the electrolysis power and heater power were plotted. 

Mass spectroscopy of the gasses evolving from the MC 3 
(K2CO3) cell was performed using a VG Instruments model SXP-50 
high -precision mass spectrometer with O.Ol-amu mass resolution 
and 6 decade sensitivity. 

A 100 ml sample of the 0.57 M K2CO3 electrolyte of the MC 3 
(K2CO3) cell was removed after 20 days of cell operation, and a 
chemical analysis was performed on the electrolyte using an 
Inductively Coupled Plasma-Atomic Emission Spectrometer. 

RESULTS 

Light Water Calorimetry 

The results of the electrolysis for INEL cell runs MC 2 and MC 3 
at 39.5 A constant current appear in Figure 1 (hand plot of data by 
INEL scientists). As shown in Figure I, the MC 3 (K2CO3) cell 
intercepts the Total Input Power axis at 35 W; whereas, the MC 2 
(Na2C03) cell intercepts the Total Input Power axis at 59 W. The 
input power to electrolysis gases given by Eqs. (II I.2-III.5) is 
(39.5X1.48) = 58.5 W. The production of excess enthalpy of 25 W is 
observed with the MC 3 (K2CO3) cell, and energy balance is observed 
with the MC 2 (Na2C03) cell. 

Mass spectroscopic analysis of the gasses evolved by the MC 3 
(K2CO3) cell showed that a significant fraction of the sample was air 
with standard constituents. When the spectrum associated with air 
was removed, the residue showed 3 majority of diatomic hydrogen and 
oxygen gases in approximately the 2: I proportion expected from the 
electrolysis and residual water vapor. There were no hydrocarbons, 
no metallic constituents or other anomalies except that a slightly 
higher than expected hydrogen to oxygen ratio was observed. No 
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tritium or deuterium measurements above normal background were 
observed. 

Chemical analysis of an electrolyte sample from the MC 3 
(K2CO3) cell after 20 days of operation found the following 
components at levels above the background levels in the water used 
to fill and replenish the cell: 1.7 ppm silicon, 1.1 ppm sulfur, and 46.5 
ppm sodium in addition to the K2CO3 salt. Small quantities of silicon 
are known impurities in the nickel wire and may have also come from 
the glassware used in various processes. Sulfur is a common 
impurity in the salt, and it may have come from the resin beds used 
for water deionization. Sodium is a probable salt impurity, and it 
may also have come from hand contact with the system. The 
potassium was measured at 43,000 pg/ml corresponding to a salt 
molarity of 0.55 M (within measurement error of the initial 0.57 
molarity determined by weighing the salt and measuring the water 
for the initial charge). The electrolyte retained its molarity. The 
cell potential characteristics were essentially unchanged over the 
duration of operation. There were no nickel or other metallic 
compounds present in the electrolyte. A visual inspection of the cell 
showed that all of the structural components were intact. The cell 
comprised about 155 moles of nickel in the cathode, about 6.5 moles 
of titanium in the anodes, and about 13.7 moles of K2CO3. The only 
material consumed in the cell was nano-pure deionized water. 

INEL EXPERIMENT II (Pulsed Power Operation) 

The MC 3 (K2CO3) cell was wrapped in a one-inch layer of urethane 
foam insulation about the cylindrical surface. The top was not insulated. 
The bottom of the cell rested on a 1/2 inch thick sheet of Styrofoam. 

The cell was operated in a pulsed power mode. A current of 10 
amperes was passed through the cell for 0.2 seconds followed by 0.8 
seconds of zero current for the current cycle. The cell voltage was about 
2.4 volts, for an average input power of 4.8 W. The electrolysis power 
average (Eq. (Ml.5)) was 1.84 w, and the stirrer power was measured to be 
0.3 w Thus, the total average net input power was 2.14 w. The cell was 
operated at various resistance heater settings, and the temperature 
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difference between the cell and the ambient as well as the heater power 
were measured. 

RESULTS 

Light Water Calorimetry 

The results of the excess power as a function of cell temperature 
with the MC 3 cell operating in the pulsed power mode at I Hz with a cell 
voltage of 2.4 volts, a peak current of 10 amperes, and a duty cycle of 20 % 

appears in Figure 2. 

Figure 2 shows that the excess power is temperature dependent for 
pulsed power operation, and the maximum excess power shown in Figure 2 
is 18 W for an input electrolysis joule heating power of 2. 14 W. Thus, the 
ratio of excess power to input electrolysis joule heating power is 850 %. 

INEL EXPERIMENT Ml (Forced Convection Calorimetry Of INEL Cell) 

INEL scientists constructed an electrolytic cell comprising a nickel 
cathode, a platinized titanium anode, and a 0.57 M K2CO3 electrolyte. The 
cell design appears in Appendix 1. The cell was operated in the 
environmental chamber in the INEL Battery test Laboratory at constant 
current, and the heat was removed by forced air convection in two cases. 
In the first case, the air was circulated by the environmental chamber 
circulatory system alone. In the second case, an additional forced air fan 
was directed onto the cell. 

The cell was equipped with a water condensor, and the water addition 
to the cell due to electrolysis losses was measured. 



RESULTS 

Light Water Calorimetry 

The data of the forced convection heat loss calorimetry experiments 
during the electrolysis of a 057 ri K2CO3 electrolyte with the cell 
appears in Table I and Figure 3 The comparison of the calculated and 
measure water balance of the INEL cell appears in Table 2 and Figure 4. 

The intercept of the Net input Power (calculated using Eq (IM.5)) axis 
of Figure 3 for both cases of forced convection is 13 w. Thus, 13 w of 
excess power was produced by the INEL cell. This excess power can not be 
attributed to recombination of the hydrogen and oxygen as indicated by the 
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equivalence of the calculated and measured water balance as sho 
Figure 4. 
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- NOTEGRAM - 

BATE: Deoetnber 15, 1992 

TO: Richard Deaton MS 4139, Ext. 6-2016. FAX 6-2681 

FROM: R, L. Drexler MS 3123, Ext. 6-1789 

SUBJECT: INEL CELL CATHODE ESTIMATE 

Attached are the following sketches and revised Bketchee: 
r Cathode Assembly for INEL CELL 12/16/92 
Narrow Cathode Strap for INEL CELL 12/16/92 
Cathode C-l INEL CELL V2./Z/Q2 
Mandrel - Cathode Hindis 12/8/92 
Electrode Bos Ring INEL CELL 12/15/92 

f . ^MmatP for fabrication of two "identical" 
Would you please give ue a ^^^^^ t wo Electrode Bub Rings per 
cathode assemblies per the lZ/lb/yz SKew.ii, 
the 12/15/92 sketch. 

The cathode windings could be made on a mandrel per the sketch 12/8/92 or 
similar suitable arrangement. 

TOe se cathodes «> bus rl^s are similar to those previously fabricated 

except: 

1. Th. straps are 0.5 in .1* ratherthan 10 £ ^^Z^ 
straps uould be flat rather than arched to fit tne wuiu « 

2. •mere are no secondary straps as «ere added to the .JnUm. o£ the 
first cathode assembly. 

„ +VlC . f < rB t winding. A much steeper 

3. Windings would be lees dense than the first 

pitch ie probably necessary to achieve the more open wina. 

4. Weight of the NI-200 wire of each J^/^^^^S as 
3.33 poundB, and both windings should have the same weigm, ae 

possible. 

5. Slots in the Teflon Buss Ring for theca^d. straps would be 0.50 
wide rather than the 1.0 width of the first ring. 
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